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THE USE OF A RETRACTABLE PLANING FLAP
INSTEAD OF A FIXED STEP ON A SEAPLANE

By Jemes M., Benson and Lindsay J. Lina
SUMMARY

Datae are presented and dlscussed to show the im—
provements in both the hrdrodynamic and the nerodyrnaniec
performance of a seeplano that could be obtalned if a
retractable wlaning flapr were used instead of the con—
ventional main sten, The lmprovemnents ir resilstance
made poscible ty use of a planing flap to vary the depth
of setep during andi efter take—off are of the order of 8
percent in the water reailstance as the hump speed and
about 2 or 3 vnercent in tle total alr drag of a long-
range flying bcat of cur.. ..t design at crulsing attitude,
One tywe of retractable flap that could be used 1s de—
scrlbed wnd the results of hydrodynamic stablllity tests
of a mddel fitted with the flap are given, The tests in-
dicated that very good etabillty ckaracteristlcs could be
provided with the planing flap for take—-off and landing.

INTRODUCT ION

In the design of the conventional flylng boat, the
depth of the maln sten 18 thoe result of s sories of com—
promises., During the take—off, a shallow step 18 desir—
able for low water resistance up to and includlng hump
speed; but a deepor stop is essential at hixh spasds to
avold excesslve water resisiance and violent instabllity.
While the seaplanse — partlcualarly a long-range seaplane —
is in filgh%t, tha step riay accouns for an iuportant frac—
tion of the paraslte drag. Devices for retracting or
removing the step ir Fflisht are frequsanlly conse’dored as
a means of roducing .the eir drag, dut *he improvement to
be obtalned has appareuntly been insufficien* to warrant
tho developmont and adoption of such dovices. If a re—
tractable dovice can be made to inprovoe the take—off
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performance as well as to docreasc the air drag, its
value may then become sufficient to warrant installation
in the seaplane.

This report ircludees a limited colicctlon of data to
indicate the amount of iaprovenent in air drag and in
water resistance that may be obtainsed by the usoe of a
retractable planing flap insteadl c¢f a flxed step. A flap
of the tyne required is descrioed and the rosults of tests
ir WACA tanlk no. 1 of a dynanlc model c¢f a flyilng boat
that had been fitted with scveral arrangements of the
flan sre precented to shecw the effects upon stadbility dur—
ing tcke—off and landing.

EFFECT O¥ DEPTE CI¥ STEP

Fator resistence.— Tarlk tasts heve shown that at
speeds below and at hump speed o small depth of step is
desirable for low witer recistance. For example, the
data in roference 1 show that the roesistance at best trim
wlll be avout 8 percent lower for a step having a depth
cf 1 percert of tho beam than for one having a depth of
6 percent of the beam. A relatlvely deev step 18 required
at spoeds betwoen humyr specd and gzst—away epeed becanse
an insufficient dentr of step ray rosult in excossive
wotting of the aftervody and rapid increase 1a water re—
slstence jJust »nrlor %o tho sst—awny, vhich can entirely
prevent itake—ofi. (See references £ and z.) In order to
avold thie excossive wetting, a depth of step of nut lessa
than 5 percent of the beam 18 gener-liy considered neces—
sary} and in some heevily loaded flying boats a depth of .
sten of as much as Y percent of the beam is wuszed.

Hydrodynamic svabilitr.— The data in reference 4 in-—
dicate that a decresse 1n depth of the coaventional etep
redunces the lower trim linit at and near huap speed, where
low—angle porpolsing is most liltely to accur, but that at
high spewds, vhere the hish—angle type of porpoising pre—
seats a problem, either o relatively deep step or venti—-
lation of = step of leazer depth is essentisl,

Alr drag.— Tho effect of the dopth of step on the air

drag of a fuli—slze seaplene float has been determined by
tests in the NACA propeller~research tunnel, dut the re—
sults have not yet been published. The float was of a
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type currently used for an alrplane with a normal gross
load of 5300 pounds. The form of the original float,
vlth the successive changes, is shown in figure 1. The
step was reduced from the orliginal depth to one—half the
original depth and to zero by successively fllling out
the afterbody. The magnitudes of the air drngs at zero
pitch — which are practically the same as the minimum
alr drage — have been tabulatod in figure 1, and tho ef—
foect of reducing the depth of step is appareant.

The profile of the float with zero depth of step 1s
about the same as the nroflle that would result from the
use of o planing flap of the type shown in figure 2. The
only important differeanée.is thut tvith tke plening flap
the aanagular breat in the bdattoer lines would be somewvhant
farther forward. The results presented in figure 1 show
thet the mlanum drag of tho float coulid be reduced about
16 percent by use of the reiractnvle plaoning f£flap. The
porcent reduction of the drecy of a comnlete meaplane ia
of course a groeat desal less than for aull or float w«lone.
Unpudlisked rosults of tests of a molel of a £lying boat
made in the H.CA full—agcale tunnel bring this faet cutb
clearly. Fae model ueew 1a the full-sczle t1nrel hpd o
gpon of 35 feet and origirelly had o convenbilonal stenm
with a depth equal to 5 rercent -f tho bPemm, It wac coxm—
plete wilth nacelles, tin floats, antenna mas%t, and loop.
Tosts of the orisginal model ot on alrsyeed of 1CO0 rilles
per hour inllicatod thal, the flying toat would keve a
maxlmwa lift—drag retlo of 17.4., Then o foiriang was
odded aft of the atep, the lift—drag rntlo vwes incrensel
to 17,7. The rangees correspondias to tlhie two conditions
wore computed from Brdguet's range formulr and the model
with the faired ostep sinowed an increase cf 2 percert in
the rangsc.

Additional data on the eiT3ct of the dopth of step
on the ailr drag of hulls and floats are given in rafer—
ence 5,

PESCRIPTION O PLANIXG IFLAP

Numerous arrargements hs7ve boen suggested vhereby
the elr draz of a hull nay be reduced dby failring the atep
in flight. Z¥igure & shows one of the simplesi arrangs—
ments, vhich was represented by the fairirg used in the
full+scale tunnel toets referred to previously. The
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transitlon flup shown 1s 2 surface hinged at about 1 bean
length abaft the step arnd is defiected in flight to ro—
duce the depth of the step to zero. One advantage of this
type of flap 1s that the loads imposed by the water reac—
tions occur vhen the flap is seated against the main
structure of the hull, In the extended position the only
loads on the flap ere the samaller loads imposed by the

alr flow.

Flgures 2 and 4 1llustrate a type of flap that of—
fers interestingz possibilities 1In performing functions
other tkan tke reductiorn of the alr dreg. This flep may
be used to reduce the weter resiestance at and near hump
speed end to lmprove the statllity characverletlics during
take-off and landlng., 4L trarsverse axis 1s selected at
or 8lightly 2bove the chinan and at a suitnble distance
forwe-d of tke ssep. The fliar i5 e movablo sectlon of
the hull, having a ¥Y-Lottom with chiae flare, if desired,
ard 1s bouncded on the ufter end dr a crlindrical surface
heving as its center lire thie hinze axis of the flap.

Or the forward end the flap is Dounied by n surface
formed by rotating a transverese Rection of the V—-brttonm
about the hinge nzis., The oxtent of the curved surfacos
ot ths ends cepenis uncn the anguler delection required
and upon the structurai detmslls. Inre thickness of the
flap would be somewhrt greater Shan the vertlecal distance
from koel to chine, "Tkhe resultirg Toxilke structure
would te of szbout thes rame type a8 would prodably be re—
quired in any for:i of planing flap des’ gned to wilthstard
the pressures dovelo:al on the forevody in the vicinity
of tho step. Tho flap mey eeasily be adapted to provide
ventlilatlion by means of diacts from the sides above the
ckino of the flap to the after end 1n crder to discharge
alr throuzh the riser of the main etep. '

Although the present discussion 1s confined to con—
slderatlon c¢f tne main seten, the type of flap described
in the foregoing paragrsphs may be used at other placcs
on tie planing bottomn. Thin type of flep offers s rele—
tively simplc solution to tkhe problem of lacorporating
ching flare in the flap and of doflecting the flavp with-—
out opening a gap at tkhe kxeel. Lhe plen form of the step
shown in figure 4 departs slightly from the straight
transverse Tform (with a vertical step) that 1s often used.
The dopearture may, however, be mnde so small that the hy—
drodysamlc propertlies wlll not be affected appreciably.
For spaclal applications the trailling edge of thne flap
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may have any of a wide variety of shapes and may present
e step resembling closely almost any form of V—step or
pointed step.

DESCRIPTION OF HODEL

A dynamlc model of a flying boat was tested in NACA
tank no. 1 to investigate the effect on the dynamilc
etability of filtting flaps of the type shown in figure 2.
The model 18 similar to and about one-half as large as
the model used in tkhe tests in the full—scale tunnel,
which was previously described. The hull of this model
is outlined in figure 2. The construction of the model
followed the weual proctice at WACA tank no. 1 as de—
scrlbed in refersnce <£.

Dineasicne and welpghts of the basic model, which 1is
designated HACA model 134, are as follows:

Yazimam beam (1.00 beam), inchkes . . . « o « o o . 14,24
Beam at step (0.37 beam,, inches . . . « o+ « o « . 13.86
Foreboiy leungsth (bew %o step), inckes . o o o« . o BL.7
Over—all length, irches . . . . « « .+ . « o » 124.05
Angle of dead riso, encluding chirse

flare, doegrees . . ¢ « ¢« ¢ « o « o o o s s o » o 20
Wing area, gquare feed . . . . ¢« ¢ o o ¢ o o o 25.6
Wing span, inches . . . ¢ &+ ¢« &+ o = o« o o« s o =« » » 20C
Length of M,A.C, (wing), inches . . . « « « & & 20.12
Angle of incidence of wing, H.A.C. to

forebody leel, degrees . . .
Horizontal tull area, square feet . . ¢ . . « « . 3.51
Pitching monont of inertia, sluz—feet?
Center of zravity forwanrd of

96"y, dnches . . . . . . + 4 &« « o« Fron 5.68 to0 5.00
Centor of zravity above forebody keel

at ftovn, incirs . . . . . D - - |
Groea 1ngd coefliclent, lizht ., . . . ¢ & & o...., 0.87
Gross loal coelficient, heatry . . « « « « &+ o o « D.98

The mnrent of inertis 18 a scale valus typlcel of
current pructlice in the deslign of large f!y:r+ 2uaus, The
distance o ths center of gravity forw:ol »r .~ 2ien was
adjasted (uring the tests as requirec in ¢lioaia tte $rim
limite, The gross load coeffilcicnv ief expressod s&s

OAO = AO/wba



where

Aq initial load on water, pounds

b maximun beam of modldel, Ised

w spocific welzht of wator, pounds por cubdbic foct

(63,2 1b/cw £t for thc waser in NACA tank no. 1)

Hdodiflcationas to0 thuv Eodol were mado a8 skown 1n
firmtre Ha In each cess the stop was svreight transversocly
and vertically. Dcviatione trat would bo required dy use
of the flap wecre corsilored irsulficient in imyortanceo to
Jastify ircormerati.g thom iz the wodel for the »present
sents.

T232 FROCELU2A

k-l

The teat yroceofrre -'as in genursnl the sanc as thet
usually orplorcd ot the FACA tanza arnd ie dascrived in
rofersnce 4,

T2in limite.— The model was towod Jree to trin and
arl. the elevators wors menlipuliatoed to dotorminc the
¢ o triz for +iich ike mcdel was stable, Successivc
worc madce as corstert shuvods renging from the lowost
‘hizh porpoilsing could bo ottaincd up to tako—off spoeds,
I» this way tlo lover %rim 1limlt (below whizh tho rmodol
world perpoine) ana tiae uppor trauach of tho upror tria
lir:it (abovo whiel jorpolsing al-sn~s occurrel) wore deter—
@mired in tae mannor descridbod in rcfcecreozco 4, Tho lowor
brerca of tho upoer 1liait wan dotorminod by Srimming tae
mocecl awcve tre uwvroer brarc: srd, after porpoising becane
wull ostabliaked, the trim of tho model was sradually lowerod
antil i% recovered ond ran stably. Thoe trii at which ro—
covory %00k place dcternincdl a point on tho lowver dranzh of
tho uprur liumit, In tao detormiantion of tho trim limits,
ary rezuler ancé recurrant oscillaticn In trim and rise of
suffizlent amplituce to bc omrervcecd unmistakavly wes con—
sidcred porpo.sing
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Stablo zengo of vpomition of conter of ¢ravity.— With
one 0f t-.8 Duttor ATrraunuMeints Oi Ti/0 fisD, 5nG MWOA6l was
toucd with tho elevator rixed in the nsutral rosition and
agrin ia tho fvll—up pnsltion during accolcrated runs.

Tho svecd was incroesedl fteadlly from rest to a spoed
abocve got—away and otsorvatlions weie made of the trim whon




the model ran stably and of the maximum and minimum trims
wvhen porpolslng occurred. The runs were repeat’ed for ~
several posltions- of the center of grav1ty to deternirs
the fore—and—aft range for which porpoicing would not
oceur with either full—up or neutral elevator.

Landing stabllity.— Observations of the behavior of
the model on landing were made by flying the mciel of?
the water, decelerating the towing carrlage whlie the
elevator of the model was adjusted to obtaln the desired
trim at contact, and then noting any tendency of the
model t0 skip or porpolsc after landing. The rate of
deceleration was approxiunately tire same in each case.

RESULTS A4¥D DISCUSSION OF SWABILITI TESTS

Prim Jlimlts of atghilitv.— Tho plots of Irin lizxitse
of etobility, presented in flguros G to 9 and sunraxized
in figuro 10, show that all erranzements of the planing
flep caueod a marked losroriag of tlo lover 1imit, which
amounted to adeut 4° for tvhe 2.2° flop, adout o° for the
4,.5° flap, and beliwoen 5° nud 7% for tha shoxt flay.

All flans caused the upvoer bronch 2f tho uw~per linit
to be lowered by anounts ranging from 1% to abouw 2.3°.
The shoxt f£lap caused tho lower branch of the uppor linis
to be lowvered sharnly, the effect velng =28 =uel as 7°,
The long flaps lowvered tkhe lower branch by smaller aaounts —
about 3° for the flap deflected 4.5°, and about 2° Zor the
flap deflected 2.2°

Linitine pesltions nf center of pravit—.— Fi,.ure 11

shows the variation of trim with speed for neutral snd
for full-ur elevator with the center of yravity at three
differont locutlons, X¥No porpolsing occurred with the
center of gravity at 36—percent or at 40-percent mnean
aerodynamic chord, With the center of greviiy ot GI2—
percent mean aerodynsmice chord, no pormolsing occurred
with full-up elevator., With neutral elevabtor andi with
the conter of gravity at 34—-poercent mean aerodynanic
chord, however, the trin of the model passed below the
lower limit al about 20 feet per second arnd tLo low—angle
type of porpoising followed, Conparison of figure 11 witn
flgure 10 shows that with full—up elevator and with the
center of gravity at 40—percent mear agerodynamic chord,




the trim of the model ~t a speed of about 40 feet per
second was nocar the upper branch of the upper limit and
that porpoising might occur if the model were accelerated
at a nuch lower rate through this unstable region near
getweawvay. The plots lIndicate that the stable range of
nositlonse for the centor of gravity is from about 33

to 40 percent of the meen aerodyrnaric chord 1f the stabdle
‘rarge 1o defined &s that range for which porpoising will
not occur with either neutral or full-vp elevator. Ob—,
viously, tho stadle raoiuge wlll be influencosd to an im—
pertant extent by tiie effectc that tarust, slipstrean,
and variabions 1un tho defiz~tion of t.re acrodynamic flaps
w1ll have on ths trin cond or the wi.g lift, Tho range of
7 percert, although smeller o8 corparad with that -hick
le commonly provided for in f1lizht, is typical of the
value obtalned 1n tests of convantional dynamlec models
without powered propeilers.

The forcgoing intcrrretation of the datn obtelned
during the acceleratoel r-ins is bzeed or the critorions
for stebility as mrop-sed by Stout (relference 6) to as—
stre trhat a seaplane will Ve hydrcdi.narlcally stadle for
all noeitlons of the conter of gravity likoly to occur
in practice. The corcept of a statle range of the posi-
ticn of tha cenber 02 graviiy 1s essential and nust be
Genlt with in »nractice, but there mar be doudbt ac to the
trimming-nonount criterions that should be uced. The cri-
terlion 1hat beth full--up and neutral elevator aust be
avelintle wlthoul cauging excessive porpoiving may in
some caees ve unnccessrrily conservative., If 1% 1s as—
geured that the pilet will teike vracautions to avold por—
pelaing, the nmodei with the planirg flap will prouvadly
heve a savinfacicry range of stndle poceitions of the cen—
ter of gravity. 1lon a speclific deslga the loccation of the
step reslablve t0 the wing mnay differ from that used in
the preseat tests in order *tha% the hydrod;nzmically
atable range be withln the range for which the seaplane
was decignoed Lo £fly.

Sxipatlrg.— Cbservetions on the bshavior of the model
after Lyundinrs are listed in tabiee I and IZ. Tho short
flep deflectcd 7% cauced very severeskipping after land—
ing end for that reason alone probadly would be lrprac—
ticabie. he trim linite for the short flap show that a
high probability of slkirping cr some form of instability
should Pe oxpected whor a landiang is mads alt trins greater
tkan abcut 4° becouse cf the unfavorable lower dbranch of
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the upper limit, The sinking speed of most landings would
be sufficient to provide an impulsé thdt "Would be likely
to ceuse the high-angle type of porpolasing to appear at
trims considerably below the upper branch of the upper
limist,

¥Vhen the model wlth the long flap was lended at some
of the higher trims, skippling occurred., In general, the
moGdel with the long flap appeared to have a slightly
groeater skipping tendency than did the baslec model with
an equal depth of step. The type of motions involved,
however, were much less violent with the long flap than
with the short flap.

The phenomenon of skipplirg may be considered as in—
volving one or more of ot least three different types of
instadillity. The first, snd nost important type, is that
involving "asi{icking" and is commonly associated with in—
sufflcient depth of sbtep. If the supnly of inflowing alr.
aft of the step is 1lnadequate, rather lzrge regative
pressures occur lilntermittently oa the afterbody nesr the
step and caunse rapid fivctuatlons in the draft of the sca—
Plane. e mctione that follow are usually violent and
the seaplano may leap clear of the water at epeeds and
attitudes unsafs eilther for £light or for larding. This
type of 1nstebility may be prevecnted by furnishing an
ample supply of air eithe~ “y an ilncrense in the depth of
step or by tlie use of reluvively larze ventlilation ori-—
flces ot tho step near the keel.

A second type of instablility 1s merely a recoll that
occurs with no chenge in trim and has been observed dur—
ing tonk tests of siangle planing surfaces dbeing towed
free to rise at fixed trim. Planing surfaces have bounced
clear oi the water several times after belng dropped into
the wvater with a light load at high forward speede.

A third type of instabillity 18 the result of a dif-—
ference between the equllidrium attitude while the sea—
plans is 1n flight and the ettitude 1t assumes after it
alights 02 the weter. With the centar of gravity well
forward, contaot with the water mnay cause an imnediate
decrease ir trim, which reduces both the 11ft coefflcilent
of the wing end the planing coefficient of the bottom, A
reductlion in elither coefficient wlll cause the model to
#lnx deeper into the water. If equlilibrium 1s approached
asymptotically, no bouncing occurs. With the center of
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graviiy well aft, an 1increase in tria will probadbly fol-—
low the landirg and both the wing and planing bottom
will give an uvpward inpulse that will be followed by =
downward motlon ae the forward speed decreases, Thus,
forwvard positions of the center of gravity add damping
t0o any ekipping tendency; whereas aft pcsililons tend %o
accentugte tkis type of instadbllity. This effect of the
posltion of the center cf greviiy 1s shown by comparing
tte data in table II Zor the ceator of gravity at 28—
percent menn aerodyanamic ciord with %the results for the
center of gzrovity at 40-percent reen aerodynamic chord.

Skipning ox touacing caveed by any ono or more of
the threes types of instoblility 1s undesiradle, dbut the
"type most likely to bos unsafe and divergent 1s that which
involves 3tickiag of the aftcrdody.

Tbe resulte cf the stavility tests 1ndicate that the
vloleunt types of instarility mar ©e avolded 1f bdoth suf—
ficlent denth of sten g provided and the planing bottom
of the forebody it strealght longltudilnally Tor a distance
forward of the step eqral to about 1 besm length., 3Both
conditions aprear to be vatlefled 1f a retractable flap
Laving a length e%ual to tho beau 13 used with a deflec~—
tion of abort 2.2° or possibly as much as 47,

COLCLUDIFG REMLRXS

A retrectadble plening flap may be usod instead of a
fixed etep to vary the depth of step during end after
take—off in order to lower the resistsrce both on the
vater and in the alr. Such a flsp mar also be used to
improve the hydrodynamic stabllity cheracteristics. For
a long-range flylnmg Doat of current deeign, the possidle
reductlon in water recistance at hump spesd will be about
8 percent. The redwuction in eir drag of the complete
flying bouat at crulsirg atititude wlll be of the order of
2 percert, The planing flup may be uced to improve sta—
bility charsescteristice by mekiiag possidle the use of a
shallow ster at hump speced and n deen sten ot high speeds,
The shellow stap would increase the otfeciliveness of the
afterbody ct low sveeds and would thereby lncrease the
speed at which low—angle porpoising could first occur
during taiko—oif. The deen step at high speeds would as—
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sure ample oclearance of the afterbody and would therebdy
remove to a large exteat the probability of sticking and
the assoclated type of high—angle instabllity.

Langley Memorilal Aeronsutical Laboratory,
National Advisory Oommittee for Aeronautics,
Langley Fleld, Va,
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TABLE I.-~ E¥FEQT OF VA]i‘.[ING-TEE CHORD OF A PLANING FLAP

ON TEE LANDING STABILITY

Xodel 134PF

Chord, 1.0 bean
c.g., IU-percent H.A.C.
Step depth, 0.14 beem

Model 13UPF-2

Chord, 0.4 beam
Ce8.» 3li-percent M.A.C.
Step depth, 0.10 beam

Model 134PF-2

Ohord, 0.4 beam
Cc.g., YO-percent M.A.C.
Step depth, 0.10 beam

Cags 0-47.
(e LE';E? Recarks (Eeg)l ?‘:ﬁgg Ramarks | {(Zog) L%EE? Bemsrics
' 13.;? b2 | 2 uskips
11.5 %3.6 2 skips| == — - ——————
9.5 | u3.8 | 2 skips| =—— | =— ! «weul10.0 | 39.8 | 3 ekips
8.0 i* Lé.h 3 skips
7.2 45.6 2 skips h T.0 ). wb,is Seversl| 7.5 39.7 4 sicips
sicips
5.0 46.1 1 skip 5.5 47.0 Y skips| 5.5 45.0 7 skips
—— ——— | e 3.0 50.Y4 table 3.5 4.2 5 skips
| —_— — | e 2.0 4 | Stable




NACA TABLE II 13
COMPARISON OF THE LANDING STABILITY OF A UODEL WITHOUT A PLANING FLAP
AND WITH A PLANING FLAP AT TWO DEFLECTIONS
[chora of planing fiap, 1 beam]

| Model 13hpr Model 13LPF-3
Model 13LcC
L Bpr = 2.2°
Step deptl(n,) lh. beam | Step dgptl(ni )0.11;. beam No planing flap
1
Landing Landing)| Landing
%‘g:.m) speed | Remarks '(1‘2';m) speed | Remarks ‘(1'§:m) speed |Remarks
&) (rps) 8J) (rps) 8)| (rps)
Cags 0.87; c.g., 28-percent M.A.C.
JUPUPIPUR VR, [ — R A T 1,.0 | k2.9 |1 skip
12.0{ L2.0 i1 skip |12.0| L3.0 |2 skips| 12.0 | L1.6 |Stable
NN | =mmmae B T B 11.0 | 41.L, |Stsble
10.0| L3.0 '2 skips| 10.0| L3.5 |2 skips| 10.0 | L1.9 |1 skip
memeamps | = I ------- - = “afm | memmoae= 9.0 LZ.l 1 SRIF
meme | mmaeeaa I ------- Z'S L,2.0 !3 skips Z.s . hl.% 1 skir
6.0 LL.0 |2 skips .0 .5 i1 skip 0 ¢ Lk, Steble
3,0{ L5.0 [1 skip L.o| L46.0 |1 skip 3.5 | 47.5 able
e | mmmnea] ccecaaa 1.0 | L9.0 |Steble | ==== «cecc |caccaa- '
Cags 0.98; c.z., 2B-percent M.A.C.
SRR, [ [ — 1.0 | L5.5 |2 skips} 1L.0 | ﬁa.s "1 skip !
12.0| L5.5 1 skip | 11.5( L5.5 |1 skip [ 11.5 | .5  Stable
10.c| 5.0 |1 skip | 10.0{ L5.0 {2 skips| 10.C .7 1 skip
9.5 | LL.o |Stabie | 8.0 L5.0 |3 skips| ==-= | =2-=  -----c- }
7.0| L6.5 |5teble | —=-=| =--v |eceeeee 7.5 , b5.8 [1 sxlp
6.0 ,eggind Stable | 6.0 | L45.0 |1 skip | 6.0 { L6.6 |1 skip !
LL.c | 50.5 4 S5table h.o| I4B.0 i1 skip L.o " LR.S 1 skip |
ovepeuw | Eom ooy Soa o el S e 1 - e e em SlEGEER SR 8 G G W S e
1.0 22:3 i1 sklp n gl
CAQ' 0.87, .s., ,.I.o-por-cent EJ-A .CQ
T
oo | mmcmeaa I ------- 12.0| L1.é E skips| 1%.0 i 2.0 2 skips .
cmce | mcmaced ccacaaa 1c.0| Ll.0 skips| 1C.C | L2.5 |2 skips
R e R 7.5 hl.& 5 skips| 2.0 ; LL.D |1 sxip
come | mecea- e E.s 2 1 skip 6.0 ) .0 |2 skips
cren | memcced] acmaeaa .0 g 1 skip 3.5 | 46.0 |Stable
e R Rt 1.5 LB.L |1 skip | ---- ’ e | mmme——-
CAO' 0.98; Cele>» Lo-percent li.A.C,
12.0| Lh2.5 |9 skips| 12.5| LkL.€ skips| 12.0 | L5.0 l; skips
0.0, 43 |3 ekipa| 92| Lk L sxibal Toso | DLio |3 skibs
3,0] W.c |7 skips] 7.5| L5.2 |5 skips| 8.0 | LL.5 |2 skips
6.0 L45.5 |3 skipa| 5.0 L5.4 |1 skip O | L6.0 |1 skip
.o h@.s 2 skips| =e==| ecex | acae-a. .0 " 50.0 |1 skip
2,0 | L3.5 |2 skips| === wcee |acee--- ———- ———— cemmea=
mme | cemmead cmmeea 1.0{ 55.0 |8table | ==~ | =cec |ececaa-

lt,e doflection of planing flap.
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FIGURE | .-MODIFICATIONS TO A FLOAT FOR THE PURPOSE OF SHOWING THE EFFECT OF THE DEPTH OF STEP
ON AIR DRAG AT ZERO PITCH(V:I0UMPH:q~256 &t )



NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 32.-'Profile of model showing flap deflected. Dotted lines indicate flap in retracted positibn.

Figure 3 .- Profile of model with transition flap behind step.
extended in flight,

Dotted lines show position of flap
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VOVN

[— Axis of flap

i (d) Transverse section through hinge
axis of flap.
(a) Flap retracted in flight. Here the keel and chine of flap
W 9 W W

fair into the afterbody.

L Step

| o = 1.0 vea” -
__._'/ _
—— .
. —Forebody chine
'

(b) Flap deflected to form step.

e 1.0 ve® i . . Axis of flap
e 4V A —A A—
> ] i [ Afterbody keel
p ) ! (e) Plan form of step. The departure from the
_________________ ! A conventional, straight transverse form
\ is small.
0.12 beam .
Here the keel and chine of the NATIONAL ADVISORY
CUMMITIEE FOR AERONAUTICS

(c) Arrangement having larger angle of afterbody keel.
flap when retracted are inclined at an angle between that of the forebody and

afterbody. Dotted lines show flap deflected 2° below forebody keel.
Figure 4.~ Sketches showing typical alterations to conventional lines resulting from use of two arrangements of the flap for providing a shallow step at low

speeds and a deep step at high planing speeds.
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Fig. 5
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BASIC MODEL
MODEL 134A

e

| BEAM

—

2INILE

4.5
BASIC MODEL WITH PLANING FLAP. DEPTH OF STEP
INCREASED TO 2014 BEAM),

MODEL |34PF

1
z22°
BASIC MODEL. WITH PLANING FLAP. DEPTH OF STEP
INCREASED TO 2m0.14 BEAM).

MODEL 134 PF-3

I

_ 7°
BASIC MODEL WITH PLANING FLAR DEPTH OF STER
INCREASED TO 2a(0.J4 BEAM).
MCDEL 34FPF-2

;I T

4

2 IN. 138°

2IN. &3

WING INCIDENCE OF BASIC MODEL DECREASED 25°
AND ANGLE OF AFTERBCDY KEEL INCREASED 13°
DEPTH OF STEP =2un{0.14 BEAM).

MOCDEL 134C
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

FIGURE S .- MODIFICATIONS TO BASIC MODEL AT STEP
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